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(54) METHOD AND DEVICE FOR MEASURING OPTICAL GAP 

(57)Abstract: 

PROBLEM TO BE SOLVED: To measure the gap length betvveen 
two members, where one is clear, with high speed and precision. 
SOLUTION: A polarized beam 5, passed through a polarizing 
member 4. is directed diagonally toward the surface 25 of a clear 
member, and made to pass through a clear member 20. and then 
based an the combining effect of the reflections bath from the 
surface 25 of the clear member and the surface 35 of an object, 
polarized beam 5 is reflected. Polarized components of reflected 
vector (s) and vector (p) in reflected beam 8 are made to interfere 
with each other, and with the use of a polarization sensing level 
meter 12 and a phase detector 13. light intensity of polarized 
components and relative phase are measured, and based an the 
measured information, the distance between the surface 25 of the 
clear member and the surface 35 of the object is decided with a 
computer 99. 
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[0 0 131 3®SOFHTfl-S-V>efe)fc^eJ:':)t&^ 

[0 0 141 lg:#±iS-C<^a'J^<0|SL$tt. ^^7-^^- 
A B S ^ 7^ ^ ^ ^ ® ^ <^ ^ ^ 
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to 0 1 9] #<<^«'&^> :L<r>m^mt,^^)-fV:^—^ 

— :. ell ipsometer) LT C 00^^X4^^^ 

v^:^;^ hy- (geometry) liti£5KcDl--<TC0^?±iiilK'M 
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^li. i$i^i|^i*<0^®<O^J?. (boundary) \zn^^W& 

tc/^So 

[0 0 3 4] %tL. :L<owPi\t. '^w^mmmi.m^ 
50 ;&*e>?tsS'&tcii. mwmc^mm^jium<Dmmii-h^ 


17 

M^^'—^'piiCion^RM^titi^^ K>'^s t^i:^ h/i^p 

t^ti\mm'r^mm(omm\cm-^\^^xmm^mm^j:^^ 

[0 0 3 51 zcD^mi^s mmmcmm^j:m^ 
(o^mf)^^'tix{cmi!bx}n:mi^t:i^m^i^<omm^x(D 
mm^mij^-r^^^mmmwi'^mmxh^x. mrfmm 

^\^X^<Dm^)^';if(Oitmmf^^JKtnms tp(DWi\P\ 

t p<om^f^ii^^^^mtm^b^m^i&^<oitm^m. 

\tt(D\^n^%^^^t . mms t p(Dm^m.'ji^o:>m^\ 

tk'&i.. 'tnicx^xntimmmti:m^(o^m^^hmmm 

[0 0 3 61 ^tz. z(Dmmt. ^mmm-mmfj:m^ 

tiizmiibx}iLmi^tz.mnmzmm^j:mk^{^(Dmm'^x 
<omm^m'm't^-yt^&^mrmmmmxh^Xs mnm 
m^^ h/\^s\zmm^^®^mm-<^ h/i-p^jF^^i-s 
AmW'm^^-r^m^^thfzAm^\^*-M.x;hK> . mm 
sMt pmt(om:^<Dmf;^tm^L. mmmmfj:mkm 

Rk^mi^mi^^mizjt^cxmiti^. mms tptoa^mfS. 


(10) i|#M5i£8-2 7 1 2 3 0 

18 

xmmmm^j:^m^^<omm\z\^nx-^x.^^mt . m 
issfi t'- A o^ipj^^ ^j^i-g- L r ^ coil i^^5->coffi^ 
&^tj:^tmw,s t p(om^f&^^m(DttLnmt(r>^mm 

w m<omtt(ommzm<^^^xmm^mm^j:m^<om^t 
^mt.x(o^m^'^mf>^^iEm\zmm'^h ^ t ^^mt 

[00 3 71 

[0 0 3 8] 11 1 {tm^'T^mmf^y'^ :^^20 t^h^ 

^mm ty^^o) ^ot.x(o^m^m\'&'r^=^mmm 
^m\^^fz:L(D^m(0'mm\zm\^^^mw.<D^i-ii \.\^%mm 

2 5 ^i^i^^($3 o(7)^®3 5 <bo^®rfl mm COSg 

m^m'&'t^^OkZts:^X\i^^o y'^:^^2 0\±. m\Z 
7^'t^0\Z, 2 2Xmm'^n^Mi2 1\ZWL^H\^ 

(D^^m&(om^t \^x^ibhnxi^x\^\ K®^4^«^3 
0 ^#2 1 ^co^i®^^^^cov^T^i. 20(d± 

mtmkmi^S0(Di^Lmt^7r:l.'/tm2\C^<:>X^ib\Z 

m^\t>^^^y-i nzx^x^n^tifzm%^y 

Kl 0:*>P>^S^^tbTV^-5ii^^:^bTV^-5o 

[0 0 3 9] mi'^mmmti.x^^^ 

if-, mm^^zf. ^<om(D^m^m\^^xh^\^\ t-v 
40 X3ii. mitm^4<D:^mi,z^}i'—M.2^\^n^o mit 

(iSE) \zmM>hA^'r^zti)m^L\^\ :)tt'-A 
mm-<i^ h/\yp$:m^'r^z,tt}m'^\^\^\ ^^--as 

[0 0 4 0] muc^-rizptc, :)fet'— x-f;^ 
^ 2 0 €r^^ LT^t tf— A 6 ^ UrSSt-r ^ w ^ ^ U 
50 \i\ A6l:i. -r^^^^' 2 0<O^®2 5d> 


-10- 


19 

h (D^tit 1 4^(* 3 o (o^m 3 5 ^ (D^m^^m^-^t} ^ 
m^^?^-^ (jLUT^Jc ^^fM^-^} t\^^o) 12 

10 04 1] lil3tc:»^Lv>^j,i: UTTi^-ri'plc, 

1 0 2 i:^t:'— A 1 0 Slc^Jt'S ti^OT'^j^o — 

1 0*1^ 1 0 2<7)li>t s ^ii* 

[004 2] m 3 ic^-r i 9 ic. {itieim^ i 3 r-fi. 

)¥;t:'— 1 0 3li. $ ib(C-)tt::'— 1 0 4 ^^tr-i. 1 

0 5 <i:tc5>tt bint's Ci:;55»*Lv\ ^^^^^^^h^^^y 
XA<D<i: 1 2 0(i. *t'— ix 1 0 4(02 0 
cOfH^s ^il^p^'g^:bii:-C2o(0^t^-ix 10 6^^ 

in^-r^ J: e>^c{i^$tuTv^5o :i9 b-cd^Sfcwi 2 

0:d5 2oo{i3fe^'&^^Ci:tcJ:oT. ctLbcoii^(Z> 

^5St>yc:b$i^^w^MJ*LV^ ^t-i>. 1 0 6 ^^tr 
-i. 1 0 7(7)^S(1. 2oc0^^tHtll 2 2 ^^^fcBfl 

[0 0 4 31 A 1 0 5(i. {?iJx.J^4^>C0 

>':7^y Xixoj: 9?:c^3<Dii^^M 1 3 0(i, ^tr-i^ 

1 0 5<D2oOti^s i:(i^p^-&*:)-frT2o<7>*lf— 

1 3 0;55 2oco(i^^^^tSwi:«cJ:o-C. w 


(11) iRfSa^ps- 2 7 1 2 3 O 

20 

it^—J^l OS t%\f—J^\ 0 9<D^&{t. 20(0 

Tt^m^ 1 3 2 <i:^«im§i 1 3 1 {z^^x^f\.^tm'& 

[0044] ^l^mSff 111. 112, 121, 12 
2. 13 1, 13 2tcil. -?rn-etL, fflS'J^tUIS, iEiSa 

(0%^(O^GS[^-Cftil(0«im#^^fflv>'rt>J:v>ct 

^ Urti, t'-. /Ni;/N^^/^o r^#|+(OSfi§ (Basi 
cs of Interferometry) J TiJ^'^y^ ZT'UX (Acad 
emic Press) . h 1 9 9 2 7 0. 71. 7 

3*5J:U^1 8 9MlclB«c<o--7^ny^ >'^i^l+;55^Jf ^ 

[0 0 4 51 ii4fic(oigp>^(o{t&oiijs«?y$r^i-t(o-e 

i6co®'«^2 0 0^ISi!^tTV^6:*^ msxz.Tv^'^ztow^n 
(O 9 1 o<7)fiii(03ll}Sf^J-e(l. g]4(oSli:AMv/;^7"A 

ilJ^^t:'-i^;^^^RS|^^:f^^o lll4tcioV^T, ^#>2 0 1 

;&^^o*2 0 2(i, SIDS^2 0 0(Ot'— i^.^^^T'y ^^$^— 
2 0 3^:frLr U:^X2 0 4}CBB#t$tir. "^m^^wt^ 
<bS5t^n. K[HlSS(07^l^t';*7<^ 2 1 OCOit^^ffitC^ 
fc-SZ-iTT^J^^ LV\ 2 1 Oji^ib^omT-lifl^H. 

30 \f'f:^'^^^—2 2 0XWi'^^^t^. nV-lfoL — 9 9 

[0 0 4 61 lIl8{ir(D^^(Ot> 9 lOCOf&(O||JS0IJ^ 

7i^-rt>(OT*$>5o co^js^yxMi. 

fa J ^m{Cf^byti^^{:ilEi4^fRjC# 

Ra#-§-^f+U-CV^-5o wCO^JS^y-CMl. l[tffic^aE2 0l 

0 3 a(Cj:oT*t!^.(0)tt*— i:.2 alC^^^it^o it'm.2 

0 1 a;&>e><0)tli*Si^4^(z^3 0 a(0^ffi3 5 a^f|a#tU 
fc^. 7^^:^^ 2 0 a ^iliitr^W^tl^o ^^.2 0 

1 2.t-hWi^^Mz.it<0—mt,. fc'-A^y^y :y<5'-2 
0 4a JCjKM LT;^ ^ y 2 1 O a tC^STi^ixSo (WlB^lFtC. 
tf— A;^:7"y y^— 2 O 4 ali, 1 a d^^JBctH^tt 
fci^t'-i=sCO-^l>S:,M-r5o m^^m^;05:J^7;^7 2 1 0 
a;)*blS^ixTb'T^:^^^^— 2 2 0 a tC[ii^2 3 0 a 
i:LT^^$tt-5o ^a¥,l a;5»60ite— -6.|itB3 5 a 

50 ICJfefife^n. lJ»2 3 0 aJC*3V>-C. ©3 5 a _b<oaiJS 
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(12) 


8-271230 


21 


22 


2 0 1 aT&^bo^ic^toTisa 5 ^ <D^^<Dm^t^Mm 

it, ffi 3 5 a ±(D4^^W^mtC^-:5V>-C,^ 2 4 0 a c^ffi 

tffi 2 5 a t (opinop^fc 19 ^^^-^-reffls^^wasfe^^^fc 

[0 0 4 81 :i<r>^m(om.W<o^l'ip^\^\i^%MW\^^^^x 

lfii^ffeii*3 O^f|a0^-r5C<i::di»^Lv\ $?^U<li. 

r.-hr;exp(/p) 
^^<^PJ-l4-r,r;exp(/p) 


[^11 

£(0) =a,S + flpP (1.) 

[0 0 4 9] K^it^^-J^6\±l»l^X^'rZtfi^X^ 
[^2] 

(2.) 


(0 0 5 01 Hlf^^a. . ap ^^^^ 

:/^x^;D_h^^^i^Lfc^y/W>;^>|H^ (double-pass tr 
ansmission) cO^a*, ioctU^^^t^fife#^4X$>5^^ilCDV^-r 

[1^3] 

+ r; C Xp(/P) 


[f&4l 


(4.) 


[»51 


<s-> 


(OOSll^M^rs, rp IIt'h';^^ 2 OO^® 2 


[0 0 5 2] ll3"C»:i. ^M*t'— A6fi*3S^7«-^ 

1 2tcJ:oT5>W$n5o ^ItWt^l 1 1*5J:I5^«||±J 

[^6] 

(6.) 


[00 5 3] ±l^^4^^Ciav^T. 


[%8] 


[«7] 


(7.) 


(8.) 


[0 0 5 4] ms tme(D^^y\^mm^is,<Dm\t^'f 


[%9] 


(9.) 


-12- 


23 

?=arg(<)--arg(a;) 

[0 0 5 51 m7 (D^yy\^^mtL^(r>m\:,^7'^ 
2 0CO|gtS2 Bf)>h^m.mV^^ 0C0^ffi3 5*-CC0Sg@S 

li. Ii!3JC?j^Lyci^tli^l 2 1. 12 2, 13 1, 13 


(13) i|#&g5p:8-2 7 1 2 3 0 

mi 01 

(10.) 

«-13 0. ffigffil 2 3;5SW*L<ll3ltR. iBM^tL^ 

[mill 

(11.) 


[0 0 5 6] z<D^\'X. ^m^m-r^it. iiLm^'Bm<o 
r4^|5gT/w=fy XAj af>jx.(i\ y^^/u -^jtiy 

m ^yt^HmUf^m (optical shop Testing) J . ^2 
KS. i; (Wiley) . — 3 — i^', 1 9 9 2 ^CO 5 

[005 71 S^iffils.o (3) tiiLmO (/3) (^ 

(9. ) #113) ^m^t>it^t. ^^iz^^x'^m^th 
^$B(a^c:^ov^r, igtS2 5 «i:«t5 3 5 ^(^ggffih^p^m 

[»C1 21 

[0 0 5 81 -f 7^^^^. 3>'t'':x — 9 9(i. 0^^< 
^^LC^'^mm (6. ) (9. ) #M) ^i:k 

^fflv>T. SgBSh (^ (5. ) #l?a) ^*«^^r^7)5M 

^^-'J—S rc{C:Joft'6^M& (Numerical recipes in 
C) J 1 9 9 2^^>':/y 'y>^;'c^m)S. ^2iSc06 5 

9M-6 6 iM«cl2«oy— ;^ h-^^i:7:3irX-'>'-< 

"j-^^y^ (least-squares fitting ) T'^'So ^l^O^P^ 

[0 0 5 91 fflij^. »W<^ 

^cO^Ux'^^y-iJ'-^ L-C. (/3) Steffi 

0 (3) {-§§iiLfcteco2aiije/<^>-i$'— l>fflv^^n5 

h^;^ Mi. 3fiSl..o (3) oSJo^ii 


:trtS(^)2f^(C^LV\ *fc. ^<^m^i2i, 122, 
13 1, 132 (I113#RS) icJ:oT^^l'J^^^^65^iSco 
5pi^*l. 2o<o3affil..p (3) co?p(c«fLV\ 

\^fzM&:^-^-\ 2{i^^{C/^«9. fM^^m^l 3{c 

[0 0 6 01 w (^5>i?co!^$|>T#-efcixi^ > c c ica!-<fc 
gli{c^L^*tr-A5ioJ;TJ«)ttf-A6(Z)<l^4*i 

xJ^. IiIicou'>'X7;5Srt;;^lSJatfTO^S^^:^(c»iife 

ffi755{^iE$;ri. I3.P (j3) iS^XfO 

[0 0 6 11 z(0¥^m^mm'r^mc;^bkcnm-r-<^ 

wCOt^^;^^ 2 0<£r$A2 i(;ii:^^:^>^ihii:>-r'5^co 

fsyj, 'ttz\t.Wim&mmc^:b^.b'tiK^-:>xmmm^ 
m-r^zti^'^h^o wtnb<oj®iaj:»?^i:sj^®ii. j& 

[0 0 6 2] co%^(0^tf^bv>^ai«fijt?li. *fc, ^ 

®3 5cO'g'/S^^^$r3|eir;>^fca^co;^&i:^^755ti{|t$ 

S^->^^^S■r'5jSlltcJol^r, ^®2 5 i:^® 3 5cd2o 
50 <ommm mm) <o^^mn'r^:it:d^^^t\.azt 
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(14) 


8-271230 


25 


26 


«^»:3 0^. ^ai<^ liS:^a±60Sgai;5-P>^®2 5tC^ 


J rmax f/ni 


mm 
P 


mm 


is.p G""* . O"'" -c^i-r ^;i5-e#6o wtt 

[«1 3] 


(13.) 


[0 0 6 4] $^Jc, J!>:^(OJ; p(cf&(7>2o(^i2:v.p ^ [^14] 

\2 


Y.v./=4/?.,.,-H«,^.,(l-^..) 


[006 5] ^BB 3 5 <OK#t*3rft^!S»e>H-»-r ★ (^S 1 5 ] 


-",.Xi--R,.p>irxp 


(14.) 


(15.) 


10 0 6 61 ^V^-C. dJts t pWfi+a^a * [IS 1 6 1 

cx, =i(e»-+e-) . 

[006 7] JJclC, U -tixiCiS CfcfiSr^^-r ♦ [Sci 7 ] 

5. ♦ 


P'= j^«P(-'«*) 


(16.) 


(17.) 


10 0 6 8] ^UT, j*:S;7i^p,-g-, 
5. 


n' Srtm-f- * (ifcl 8] 
4c 


n' = tan((t))jl-— ^^sm^ 

V 0 + p) 


(18.) 


n, (omw^nmti.xi'i. m^\:i. so* ici^i^^u 

I 0 0 7 0 1 ^(0^m(0&m^X^iX\^. u^t'^:^^ 50 


it. i^±.m(Dmm\cm\^xm^tmm^*--^m^j:mK>m^ 


-14- 


(15) ^mW8 -2 7 1 2 3 0 

27 28 

^(17.) coit/'Rp ' /v^R. ' ^mmiir^ * I..P . t^hnhti^o 


[»20] 


sm 


sin 


(4i-h<t>) 


(20.) 


-&^)c^#t^r..p' *m^"C*>5(^)-c. iRltcoteta^^b 

ct o tSj rri]S§Bll(7)PJ^;6'^l^ 5 c ^ ti?:^ V ^ 20 
[0 0 7 21 w<^:9'i?(OS«#T'fcnfi\ cco^JyioM 

[0 0 7 3] ^JsALm^hfli^Z,<D^m(0%\l^.t LTIl. 
® i: iS<ir 00P«lO^N1ttc^J-^ v^|J^^c $riSiJ^-et ^5 C <b . 

[0 0 7 41 

mm(r>m^tmm\ 


^ [«C2 u 

(21.) 

m^Tf^-rmnrnxh^o 
TT^-twmmx-h^o 

[nisi im&<Dmit^7'^ :^^(D^mi)^^mmoi^<o 
^^^x<D^m(r)mwt Lr^-r>5^^:7-c^5o 

^^-^xo^m^a^mmt x^xfj^^y^yxthho 

h^mm{^<Dmmi^x<o^m(om^b x^xTf^-r^yvx 

(o'^mm^Tv^-rmmmx^^o 
1 , la itm. 

2 ^t-— ^ 

3, 7 U^-X 

4. 14. 110. 120. 130 mitmi 

5 {i^^e-A 

6 ^1^*1:'- A 

8. 10 1 i^>^:7'y j/^— 


1 0 


1 1 


1 2 


1 3 


2 0, 

2 0a "f^:^^ 

2 1 

M 

2 2 

^-^ 

2 5, 

2 5a ^ :^^<D^M 

3 0. 

3 0a t6®^4^^ 

3 I 


3 2 
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(16) 


7 1 2 3 0 


29 


3 5. 3 5 a 
9 9 =i>fc'3. — ^ 

1 02, 1 03. 1 04, 1 0 5. 1 06. 1 07. 1 

0 8. 1 0 9 

111. 1 1 2. 1 2 1, 1 2 2, 1 3 1, 1 3 2 ^ 


1 2 3 ^-^m 
20 0 rnvkm. 

2 0 1. 2 0 1 a 


30 


2 0 2 :)tt'— 

2 0 3, 2 0 3 a hf— y ^- 

2 04 U:/X 

2 0 4 a \::—M.;^y]) y^ — 
210, 210a y'U}i^:^j^y 
2 2 0, 2 20 a hr7^;^-^:=i^ — 
2 3 0 a miSi 
2 4 0 a 


m2] 



ims] 


13 


V 




« 


[114] 







\ 

/ — \y 


ISO 
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